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ABSTRACT : PURPOSE: To make it possible to connect a dispersion compensation optica! fiber having 
a clad consisting of pure silica to an ordinary single mode optical fiber having a clad 
consisting of pure silica with low loss. 

CONSTITUTION: The dispersion compensation optical fiber 1 having the clad 1 b 
consisting of the pure silica and the single mode optical fiber 2 having the clad 2b 
consisting of the pure silica are fusion-spliced by interposing an intermediate optical fiber 3 
having the same mode field diameter as the mode field diameter of the dispersion 
compensation optical fiber 1 and having the clad 3b consisting of fluorine doped silica and 
the core 3a consisting of Ge0 2 -doped silica between both optical fibers 1 and 2 in the 
case of connecting both optical fibers 1 , 2. The mode field diameter of the intermediate 
optical fiber 3 is expanded so as to meet the mode field diameter of the single mode 
optical fiber 2 by heating the juncture 5 of the intermediate optical fiber 3 and the single 
mode optical fiber 2. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the connection structure and the connection method of a 

distributed compensation optical fiber and the usual single mode optic fiber. 

[0002] 

[Description of the Prior Art] In order to attain large capacity-ization of an optical transmission system, 
performing 1550nm high-speed communication using the existing transmission line is examined, 
however, l"3'00nm 0 part diffused-light fiber laid widely now - the mode dispersion near 1550nm— 
about 18ps/nm/km — for a certain reason, by 100km, it amounts to 1800 ps(es)/nm, and in performing 
high-speed communication, a certain distributed compensation means is needed 
[0003] It is the way being considered the present most practical method as a distributed compensation 
means inserts the distributed compensation optical fiber which has a negative high distribution property 
in the middle of a transmission line, and it offsets a mode dispersion. Specifically making a distributed 
compensation optical fiber a small package, and including in transmission equipment is considered. 
[0004] For the distributed compensation optical fiber with a negative high distribution property, delta 
(ratio refractive-index difference) is as high as 3% order, and a core diameter is 2-3 micrometers. 
Compared with the usual single mode optic fiber, it is extremely small structure. Therefore, the 1550nm 
diameter of the mode field of a distributed compensation optical fiber is set to about 4.5-5.5 
micrometers. 

[0005] On the other hand, since the 1550nm diameter of the mode field of 1300nm 0 part diffused- light 
fiber is 9-1 1 micrometers, if connector connection of this optical fiber and the distributed compensation 
optical fiber is made, big connection loss will produce it. Then, in order to prevent this, weld connection 
of a distributed compensation optical fiber and the usual single mode optic fiber is made within a 
package, and the lead pulled out from a package is made into the usual single mode optic fiber, and 
enables connector connection with a 1300 0 part diffused-light fiber. 

[0006] In this case, the weld connection of a distributed compensation optical fiber and the usual single 
mode optic fiber expands the diameter of the mode field of a distributed compensation optical fiber, and 
it is made to double it with the diameter of the mode field of a single mode optic fiber by performing 
processing (the TEC method) which it heats [ processing ] after connection and diffuses germanium 
incore. thereby, connection loss of a weld connection can be reduced sharply, and from what only 
carried out connector attachment, the total loss from a final connector input to a connector output is 
boiled markedly, and is reduced by the distributed compensation optical fiber 

[0007] By the way, a distributed compensation optical fiber is Ge02 to the required shell and core which 
enlarge delta. The fluorine is doped by high concentration to clad, respectively. When weld connection 
of such a distributed compensation optical fiber and the usual single mode optic fiber (for a lead) is 
made and the connection is heated, the portion of the fluorine dope glass of a distributed compensation 
optical fiber has a low softening temperature, and glass structure is eye a loose hatchet and Ge02. 
Diffusion is quick and expansion of the diameter of the mode field progresses for a short time. On the 
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other hand, since clad consists of pure silicas, the softening temperature of clad is high, and the usual 
single mode optic fiber is Ge02. Diffusion cannot progress easily. Therefore, when fixed time heating of 
the connection is carried out, only the diameter of the mode field of a distributed compensation optical 
fiber is expanded, without expanding the diameter of the mode field of a single mode optic fiber. 
Consequently, it becomes possible to make connection loss of a weld connection small. Conventionally, 
this is the weld connection of a distributed compensation optical fiber and the single mode optic fiber for 
a lead, and is the reason which can make connection loss small. 
[0008] 

[Problem(s) to be Solved by the Invention] However, a core is Ge02 as a recently and distribution 
compensation optical fiber because of a distributed property improvement. Using the optical fiber of the 
complicated structure where consist of a pin center,large core of a high concentration dope and a side 
core of a fluorine dope, and clad consists of a pure silica called W type is examined. Such a distributed 
compensation optical fiber is Ge02 of a pin center,large core, even if it heats a connection after making 
weld connection with the usual single mode optic fiber, since the outer diameter of the side core which 
doped the fluorine is about 5 micrometers and clad is a pure silica. It is spread only to the side core 
which doped the fluorine. It is Ge02. If you are going to make it spread to clad and heating time is 
lengthened, it will be Ge02 with the same said of the single mode optic fiber for a lead. Diffusion will 
arise and the diameter of the mode field of a single mode optic fiber will be expanded similarly. 
[0009] Therefore, in the distributed compensation optical fiber which clad becomes from a pure silica, 
there was a problem that only a distributed compensation optical fiber could not expand the diameter of 
the mode field alternatively, and clad could not make connection loss low enough by the weld 
connection with the usual single mode optic fiber which consists of a pure silica. 
[0010] The purpose of this invention is to offer a means to connect the distributed compensation optical 
fiber which clad becomes from a pure silica substantially with the usual single mode optic fiber which 
clad becomes from a pure silica substantially with low loss. 
[0011] 

[Means for Solving the Problem] The distributed compensation optical fiber which clad becomes from a 
pure silica substantially in this invention in order to attain this purpose, When clad connects the usual 
single mode optic fiber which consists of a pure silica substantially; between the aforementioned 
distributed compensation optical fiber and a single mode optic fiber The middle optical fiber which the 
diameter of the mode field is substantially [ as the diameter of the mode field of the aforementioned 
distributed compensation optical fiber ] the same, clad becomes from a fluorine dope silica, and a core 
becomes from the silica containing the dopants (Ge02 etc.) which raise a refractive index is made to 
intervene. And while making weld connection of the end of a middle optical fiber with the 
aforementioned distributed compensation optical fiber, weld connection of the other end of a middle 
optical fiber is made with the aforementioned single mode optic fiber. Furthermore, the diameter of the 
mode field of the single mode optic fiber in the connection of a middle optical fiber and a single mode 
optic fiber is expanded so that the diameter of the mode field of a single mode optic fiber may be suited. 
Expansion of this diameter of the mode field is performed by heating the connection after weld 
connection. 

[0012] If the connection structure of this invention is illustrated notionally, it will become like drawing 
1 . a sign 1 -- a distributed compensation optical fiber -- it is — Ge02 etc. -- clad lb which becomes the 
periphery of core (or core which consists of side core which carried out fluorine dope with pin 
center,large core which doped Ge02 etc. to high concentration) la doped to high concentration from a 
pure silica is prepared a single mode optic fiber usual in 2 — it is — Ge02 etc. — clad 2b which becomes 
the periphery of doped core 2a from a pure silica is prepared the diameter of the mode field of the 
distributed compensation optical fiber 1 is alike and smaller than the diameter of the mode field of a 
single mode optic fiber 2 3 — a middle optical fiber — it is — Ge02 etc. - clad 3b which doped the 
fluorine is prepared in the periphery of core 3 a doped to high concentration 

[0013] Moreover, a sign 4 is the portion which 6 expanded so that the weld connection of the distributed 
compensation optical fiber 1 and the middle optical fiber 3 and 5 might be suited the weld connection of 
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the middle optical fiber 3 and a single mode optic fiber 2 and the diameter of the mode field of a single 
mode optic fiber 2 might be suited in the diameter of the mode field of the middle optical fiber 3 by the 
connection 5 of the middle optical fiber 3 and a single mode optic fiber 2. 
[0014] 

[Function] Since the distributed compensation optical fiber 1 and the middle optical fiber 3 have the 
substantially the same diameter of the mode field, it is easy the optical fiber to connect these both with 
the low loss of 0.1 dB or less by the usual weld connection. 

[0015] On the other hand, since the dopants (Ge02 etc.) to which a fluorine is doped by clad and the 
middle optical fiber 3 and the usual single mode optic fiber 2 raise a refractive index to a core although 
the diameters of the mode field differ are contained, if the middle optical fiber 3 is heated, it will be 
quicker than a single mode optic fiber 2, the dopant of a core will diffuse it in clad, and the diameter of 
the mode field will expand it. Therefore, by heating the weld connection 5 of the middle optical fiber 3 
and a single mode optic fiber 2, the diameter of the mode field of the middle optical fiber 3 can be 
expanded, and it can double with the diameter of the mode field of a single mode optic fiber 2. 
Connection loss in the state where the diameter of the mode field was doubled can be made 0.2dB or 
less. Therefore, even if a weld connection becomes two places, total connection loss can be limited to 
about 0.3dB or less. 

[0016] Since the connection loss at the time of making direct weld connection of a distributed 

compensation optical fiber and the usual single mode optic fiber is 0.8dB or more, as compared with 

this, this invention can reduce connection loss sharply. 

[0017] 

[Example] 

[Example 1] The following optical fibers were prepared. 

** Distributed compensation optical fiber : a core is Ge02. A high concentration dope silica and clad are 
a pure silica. delta= 3%, the diameter of the mode field = 5.0 micrometers. 

** The usual single mode optic fiber (for a lead) : a core is Ge02. A dope silica and clad are a pure 
silica, delta- 0.4%, the diameter of the mode field = 10 micrometers. 

** Middle optical fiber : a. core is Ge02. A high concentration dope silica [delta(+) =2.9] and clad are a 
fluorine dope silica [delta(-) =0.1]. delta= 3%, the diameter of the mode field = 5.0 micrometers. 

b. A core is Ge02. A high concentration dope silica [delta(+) =2.7] and clad are a fluorine dope silica 
[delta(-) =0.3]. delta= 3%, the diameter of the mode field = 5.0 micrometers. 

c. A core is Ge02. A high concentration dope silica [delta(+) =2.5] and clad are a fluorine dope silica 
[delta(-) =0.5]. delta= 3%, the diameter of the mode field = 5.0 micrometers. 

** The usual single mode optic fiber (for transmission lines) : delta= 0.3%, diameter =of the mode 
field 1 Omicrometer. 

[0018] The following samples were produced from these optical fibers. 

Sample A: What made weld connection of the middle optical fiber of **-a to the ends of the distributed 
compensation optical fiber of **, made weld connection of the single mode optic fiber of ** further at 
the outer edge of a middle optical fiber, heated the weld connection of a middle optical fiber and a single 
mode optic fiber, expanded the diameter of the mode field of a middle optical fiber, and was doubled 
with the diameter of the mode field of a single mode optic fiber. 

Sample B: What made weld connection of the middle optical fiber of **-b to the ends of the distributed 
compensation optical fiber of **, made weld connection of the single mode optic fiber of ** further at 
the outer edge of a middle optical fiber, heated the weld connection of a middle optical fiber and a single 
mode optic fiber, expanded the diameter of the mode field of a middle optical fiber, and was doubled 
with the diameter of the mode field of a single mode optic fiber. 

Sample C: What made weld connection of the middle optical fiber of **-c to the ends of the distributed 
compensation optical fiber of **, made weld connection of the single mode optic fiber of ** further at 
the outer edge of a middle optical fiber, heated the weld connection of a middle optical fiber and a single 
mode optic fiber, expanded the diameter of the mode field of a middle optical fiber, and was doubled 
with the diameter of the mode field of a single mode optic fiber. 
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[0019] The result which measured connection loss of the weld connection of each sample was as in 
Table 1 . according to this result ~ the amount of fluorine dopes to the clad of a middle optical fiber « 
the reduction effect of connection loss of a minute amount — it is (sample A) — it turns out that the 
reduction effect of connection loss is stabilized on good level as becoming more than delta(-) =0.3% 
(samples B and C) 
[0020] 
[Table 1] 













0. 1 OdB 
0. 1 3 
0.15 


0. 3 5dB 
0. 1 5 
0. 1 5 


0. 45dB 
0. 28 
0. 25 



[0021] Moreover, as a result of attaching a connector in the ends of each sample and making connector 
connection with the single mode optic fiber of **, the sum total connection loss containing the connector 
in one side of a distributed compensation optical fiber was 0.65-0.45dB. This result is a good thing 
almost called below a half in connection loss compared with the following examples 1 and 2 of 
comparison. 

[0022] [Example 1 of comparison] When the connector was attached in the ends of the distributed 
compensation optical fiber of ** of an example 1 and connector connection was made with the single 
mode optic fiber of **, connection loss showed 1 .2dB and the big value at one side. 
[0023] [Example 2 of comparison] When weld connection of the single-mode optical fiber for a lead of 
** was made, connection loss showed 1.2dB and the big value to the ends of the distributed 
compensation optical fiber of ** of an example 1 at one side. Moreover, although connection loss fell to 
l.OdB by heating for about 1 minute when the weld connection was heated, when heating was continued 
further, connection loss increased conversely. This is Ge02 of the core of a single mode optic fiber. It is 
because it was greatly spread to clad, delta fell and the leakage of light became large. Therefore, 
connection loss was not able to be set to ldB or less by this method. 

[0024] Moreover, when the connector was attached in the ends of the sample which made weld 
connection of the single-mode optical fiber for a lead of **, heated the weld connection to the ends of 
the distributed compensation optical fiber of ** of an example 1 , and set connection loss to 1 .OdB to 
them and connector connection was made with the single mode optic fiber of **, the sum total 
connection loss containing the connector in one side of a distributed compensation optical fiber was 
1 .2dB at the minimum. 

[0025] [Example 2] The following distributed compensation optical fiber was prepared instead of the 
distributed compensation optical fiber of ** of an example 1 . 

** Distributed compensation optical fiber : a pin center,large core is Ge02. For high concentration dope 

[delta(+) =3%] and a silica, and a side core, fluorine dope [delta(-) =0.3%] and a silica, and clad are W 

type of a pure silica. The diameter of the mode field = 5.0 micrometers. 

In addition, the optical fiber of ** of an example 1, **, and ** was prepared. 

[0026] The following samples were produced from these optical fibers. 

Sample D: What made weld connection of the middle optical fiber of **-a to the ends of the distributed 
compensation optical fiber of **, made weld connection of the single mode optic fiber of ** further at 
the outer edge of a middle optical fiber, heated the weld connection of a middle optical fiber and a single 
mode optic fiber, expanded the diameter of the mode field of a middle optical fiber, and was doubled 
with the diameter of the mode field of a single mode optic fiber. 

Sample E: What made weld connection of the middle optical fiber of **-b to the ends of the distributed 
compensation optical fiber of **, made weld connection of the single mode optic fiber of ** further at 
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the outer edge of a middle optical fiber, heated the weld connection of a middle optical fiber and a single 
mode optic fiber, expanded the diameter of the mode field of a middle optical fiber, and was doubled 
with the diameter of the mode field of a single mode optic fiber. 

Sample F: What made weld connection of the middle optical fiber of **-c to the ends of the distributed 
compensation optical fiber of **, made weld connection of the single mode optic fiber of ** further at 
the outer edge of a middle optical fiber, heated the weld connection of a middle optical fiber and a single 
mode optic fiber, expanded the diameter of the mode field of a middle optical fiber, and was doubled 
with the diameter of the mode field of a single mode optic fiber. 

[0027] The result which measured connection loss of the weld connection of each sample was as in 
Table 2. from this result — the amount of fluorine dopes to the clad of a middle optical fiber — the 
reduction effect of connection loss of a minute amount — it is (sample D) — when it becomes more than 
delta(-) =0.3% (samples E and F), it turns out that the reduction effect of connection loss is stabilized on 
good level 
[0028] 
[Table 2] 













0. lOdB 

0, 1 1 
0. 1 3 


0. 3 5dB 
0. 15 
0. 1 5 


0. 4 5 dB 
0. 26 
0. 28 



[0029] Moreover, as a result of attaching a connector in the ends of each sample and making connector 
connection with the single mode optic fiber of ** of an example 1, the sum total connection loss 
containing the connector in one side of a distributed compensation optical fiber was 0.65-0.42dB. This 
result is a good thing almost called below a half in connection loss compared with the following 
examples 3 and 4 of comparison. 

[0030] [Example 3 of comparison] When the connector was attached in the ends of the distributed 
compensation optical fiber of ** of an example 2 and connector connection was made with the single 
mode optic fiber of ** of an example 1 , connection loss showed 1.3dB and the big value at one end. 
[0031] [Example 4 of comparison] When weld connection of the single-mode optical fiber for a lead of 
** of an example 1 was made, connection loss showed 1.1 dB and the big value to the ends of the 
distributed compensation optical fiber of ** of an example 2 at one end. Moreover, even if it heats a 
weld connection, when connection loss does not fall but continues heating, it is Ge02 of the core of a 
single mode optic fiber. Connection loss is 1 .3dB or more by diffusion. 

[0032] Moreover, when the connector was attached in the ends of the distributed compensation optical 
fiber of ** of an example 2 to the ends of the sample which made weld connection of the single-mode 
optical fiber for a lead of** of an example 1 and connector connection was made with the single mode 
optic fiber of ** of an example 1, the sum total connection loss containing the connector in one side of a 
distributed compensation optical fiber was 1.3dB in the minimum. 

[0033] In addition, although the optical fiber which doped the fluorine was used for the whole clad as a 
middle optical fiber in the above example, it is desirable to use the optical fiber by which a fluorine is 
doped as a middle optical fiber by the layer inside the path equivalent to the diameter of the mode field 
of a single mode optic fiber of clad, and the fluorine is not substantially doped by the layer outside it. 
When are done in this way and a weld connection with a single mode optic fiber is heated, the range 
which the dopant of the core of a middle optical fiber diffuses in clad is restricted, and it becomes easy 
to double the diameter of the mode field of a middle optical fiber with the diameter of the mode field of 
a single mode optic fiber. 
[0034] 
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[Effect of the Invention] As explained above, when clad connects the distributed compensation optical 
fiber which clad becomes from a pure silica substantially with the usual single mode optic fiber which 
consists of a pure silica substantially according to this invention, it is effective in being connectable with 
low loss. 



[Translation done.] 
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